Because ovarian sex cord-stromal tumors (SCST) are morphologically heterogeneous neoplasms that are relatively infrequently encountered, their diagnosis can be difficult. Immunohistochemical staining may be useful for establishing the diagnosis in problematic cases. We studied 53 ovarian SCSTs to characterize their immunohistochemical staining pattern: 17 adult granulosa cell tumors (AGCTs), 4 juvenile granulosa cell tumors (JGCTs), 3 sex cord tumors with annular tubules (SCTATs), 9 SertoliLeydig cell tumors (SLCTs), 10 fibromas, 5 fibrothecomas (FTs), and 5 thecomas. In 8 of the 53 cases, the tissue studied was from a metastatic site. The immunopanel included calretinin, inhibin, WT1, cytokeratin cocktail, epithelial membrane antigen (EMA), and cytokeratin 5/6 (CK5/6). The fibromas and FTs were also tested with CD10. The extent of staining was assessed in a semiquantitative fashion and ranked on a scale of 0 through 4؉. All of the tumors, except for 1 metastatic SLCT, were positive for calretinin. Forty-five of the cases (85%) stained for inhibin; 1 metastatic AGCT, 3 fibromas, and 4 FTs were negative. WT1 was present in 39 tumors (74%), with expression most prominent in the SLCTs. The cytokeratin cocktail stained 23 of the 53 tumors (43%), whereas just 1 tumor was positive for EMA (1؉ in a JGCT). All tumors were negative for CK5/6, and the 15 fibromas and FTs were negative for CD10. We conclude that because cytokeratin is frequently expressed by SCSTs, in particular by granulosa cell tumors, SLCTs, and SCTATs, the inclusion of EMA in a panel may help to exclude epithelial neoplasms. In addition, WT1, present in normal granulosa cells, is expressed by a majority of SCSTs. Finally, these results demonstrate that calretinin is at least as sensitive as inhibin for ovarian SCSTs overall and that it is more sensitive than inhibin for fibromas and FTs.
Ovarian sex cord-stromal tumors (SCSTs) are relatively infrequent neoplasms that account for approximately 8% of all primary ovarian tumors (1) . They are a heterogeneous group of neoplasms composed of cells derived from gonadal sex cords (granulosa and Sertoli cells), specialized gonadal stroma (theca and Leydig cells), and fibroblasts (2) . The morphology of these tumors varies, depending on the cell type or mixture of cell types present, and can range from entirely glandular, as in welldifferentiated Sertoli cell tumors, to entirely spindled, as in cellular fibromas. This varied appearance and the fact that some of these tumors are relatively uncommon can lead to difficulties in diagnosis. Immunohistochemical studies may be useful in those situations when routine microscopic findings fail to indicate a clear diagnosis.
Although various markers have been reported to stain SCSTs, inhibin has proven to be the most helpful to date (3) (4) (5) (6) (7) . Despite its general utility, however, inhibin is not expressed by all SCSTs (7), and some laboratories do not offer this marker because it is relatively infrequently needed. Thus, having another sensitive marker that is widely available would be advantageous. There have been recent reports that immunostaining for calretinin, which is widely used in mesothelioma panels, may also be useful in the diagnosis of ovarian SCSTs (8 -11) . Although the majority of the SCSTs in these studies were immunoreactive for calretinin, currently there is only one published study examining both calretinin and inhibin expression in the same group of tumors (11) . We therefore undertook this study in part to evaluate the utility of calretinin in the diagnosis of SCSTs and to compare it with the inhibin results in the same set of tumors.
WT1, the Wilms' tumor gene product, has been consistently found in both ovarian surface epithelium and in ovarian serous carcinoma (12) . Although its mRNA has been detected in granulosa cell tumors and Leydig cell tumors (13) , little is known about its immunohistochemical expression in these neoplasms. We therefore also included WT1 in the panel to characterize its expression in ovarian SCSTs.
Because epithelial neoplasms are commonly considered in the differential diagnosis of SCSTs, a cytokeratin cocktail and epithelial membrane antigen (EMA) were added to our panel. As cytokeratin 5/6 (CK5/6), like calretinin, is present in most mesotheliomas (14) , it too was included to determine whether it is also expressed by SCSTs or could be used to help distinguish between these tumors. In addition, we tested our set of fibromas with CD10, because ovarian endometrial stromal sarcomas may have areas that resemble fibromas.
MATERIALS AND METHODS
Paraffin-embedded tissue samples from 53 patients with ovarian SCSTs were obtained from the files of the Department of Pathology at The University of Texas M. D. Anderson Cancer Center. Hematoxylin and eosin stained slides of the tumors were reviewed in all of the cases, and the tumors were categorized as follows using World Health Organization criteria: 17 adult granulosa cell tumors (AGCTs); 4 juvenile granulosa cell tumors (JGCTs); 3 sex cord tumors with annular tubules (SCTATs); 9 Sertoli-Leydig cell tumors (SLCTs), including 1 well differentiated, 4 intermediate, and 4 poorly differentiated; 10 fibromas, 2 of which were cellular; 5 fibrothecomas (FTs); and 5 thecomas. In 8 of the cases (3 AGCT, 1 JGCT, 1 SCTAT, 3 SLCT), the tissue studied was from a metastatic site.
Immunoperoxidase studies were performed on formalin-fixed, paraffin-embedded tissue sections using the avidin-biotin peroxidase complex method in a DAKO autostainer (Carpinteria, CA). The staining was done using the LSAB2 peroxidase kit (DAKO). To enhance the immunostaining, a heatinduced epitope retrieval procedure was performed using a Black & Decker vegetable steamer (Shelton, CT). Briefly, deparaffinized sections were placed in a container filled with sodium citrate buffer solution (pH 6.0), steamed for 45 minutes, and then cooled for 20 minutes before immunostaining. The antigen-antibody immunoreaction was visualized using 3-amino-9-ethylcarbazole as a chromogen. The slides were counterstained with Mayer's hematoxylin. Appropriate positive and negative controls were used.
The DAKO) , and CK5/6 (1:25, D5/16B4; DAKO). Fibromas and FTs were also studied with CD10 (1:70; Novocastra, Newcastle, UK). Nuclear staining with WT1, nuclear and cytoplasmic staining with calretinin, and cytoplasmic staining with the other markers were considered positive. The extent of staining was assessed in a semiquantitative fashion: 0 ϭ Յ5%, 1ϩ ϭ 6 -25%, 2ϩ ϭ 26 -50%, 3ϩ ϭ 51-75%, and 4ϩ ϭ 76 -100%.
RESULTS
Overall immunohistochemical staining results are summarized in Table 1 , with details of calretinin, inhibin, WT1, and cytokeratin expression presented in Tables 2-5 .
Fifty-two of the 53 tumors (98%) were positive for calretinin (Figs. 1, 2 ). In general, the staining was strong and diffuse, with 70% of the cases overall staining for calretinin in the 3ϩ to 4ϩ range. All of the fibromas and FTs were positive, with 40% of them staining in the 3ϩ to 4ϩ range. The only tumor considered to be negative for calretinin was a metastatic SLCT; staining was present in this tumor but was focal (Ͻ5% of the cells).
Forty-five tumors (85%) were positive for inhibin (Fig. 3) , and staining in 53% of the cases was 3ϩ to 4ϩ. Of the cases that were negative for inhibin, all but one were fibromas or FTs; 55% of the fibromas and FTs were negative for inhibin. The other case that was negative was a metastatic AGCT (Fig. 4) .
WT1 was present in 39 tumors (74%). Forty-three percent overall showed staining in the 3ϩ to 4ϩ range, including all 9 (100%) of the SLCTs (Fig. 5) .
Although WT1 was found in the majority of tumors in most categories, only one of the five thecomas was positive for it.
Twenty-three tumors (43%) were positive for cytokeratin (Fig. 6) . The FT and thecoma categories were the only ones in which all cases were negative. EMA was present in only 1 tumor, a JGCT with 1ϩ staining (Fig. 7) . None of the tumors stained for CK5/6, and none of the fibromas or FTs stained for CD10.
The staining in the three metastatic AGCTs was as follows: inhibin ranged from negative to 4ϩ; calretinin, from 1ϩ to 4ϩ; and WT1, from negative to 4ϩ (Figs. 2, 4) . Neither cytokeratin nor EMA was found in these tumors. The tumor that was negative for inhibin showed a 3ϩ result for calretinin but was negative for WT1. The meta- AGCT ϭ adult granulosa cell tumor; JGCT ϭ juvenile granulosa cell tumor; SCTAT ϭ sex cord tumor with annular tubules; SLCT ϭ Sertoli-Leydig cell tumor; FT ϭ fibrothecoma.
4ϩ -76-100%, 3ϩ -51-75%, 2ϩ -26-50%, 1ϩ -6-25%, 0 -0-5%. * Metastatic tumors -3 AGCT, 1 JGCT, 1 SCTAT, 3 SLCT. AGCT ϭ adult granulosa cell tumor; JGCT ϭ juvenile granulosa cell tumor; SCTAT ϭ sex cord tumor with annular tubules; SLCT ϭ Sertoli-Leydig cell tumor; FT ϭ fibrothecoma.
4ϩ -76-100%, 3ϩ -51-75%, 2ϩ -26-50%, 1ϩ -6-25%, 0 -0-5%. * Metastatic tumors -3 AGCT, 1 JGCT, 1 SCTAT, 1 SLCT.
static JGCT was 4ϩ for inhibin, calretinin, and cytokeratin and 1ϩ for WT1 but was negative for EMA. The metastatic SCTAT was 3ϩ for inhibin and 1ϩ for calretinin, WT1, and cytokeratin, but was negative for EMA. In the three metastatic SLCTs, the inhibin ranged from 1ϩ to 4ϩ; calretinin, from negative (Ͻ5% in 1 case) to 4ϩ; and WT1, from 3ϩ to 4ϩ; in all three cases, cytokeratin was 4ϩ, but EMA was negative.
DISCUSSION
Ovarian SCSTs are a morphologically heterogeneous group of tumors that together make up approximately 8% of primary ovarian tumors (1). The differential diagnosis for this group can include such diverse entities as carcinoma, sarcoma, germ cell tumor, and melanoma. Because of this and the relative infrequency with which some SCSTs are encountered, immunohistochemistry may be useful in establishing the diagnosis.
Inhibin, especially ␣-inhibin, has generally been found to be the most useful immunomarker to date for SCSTs. Inhibin is a hormonal polypeptide, containing ␣ and ␤ subunits, that is present in ovarian granulosa and lutein cells and functions to suppress the production of pituitary gonadotropins (5). Studies performed on paraffin-embedded tissue in recent years have demonstrated that inhibin is a sensitive marker for SCSTs and, in particular, for granulosa cell tumors and SLCTs (3-7, 11). However, many of these studies have also found that the staining for inhibin is either weak or entirely absent in fibromas and FTs (3) (4) (5) (6) (7) 11) . Our findings echo the results of these studies in that all of the primary AGCTs, JGCTs, SCTATs, SLCTs, and thecomas in AGCT ϭ adult granulosa cell tumor; JGCT ϭ juvenile granulosa cell tumor; SCTAT ϭ sex cord tumor with annular tubules; SLCT ϭ Sertoli-Leydig cell tumor; FT ϭ fibrothecoma.
4ϩ -76-100%, 3ϩ -51-75%, 2ϩ -26-50%, 1ϩ -6-25%, 0 -0-5%. * Metastatic tumors -3 AGCT, 1 JGCT, 1 SCTAT, 3 SLCT.
the current study were positive for inhibin, while the majority of the fibromas and FTs either showed focal staining or were negative. Recent studies have suggested that calretinin immunostaining may also be useful for the diagnosis of SCSTs (8 -10, 11) . Calretinin is a 29 KDa calcium binding protein that was originally discovered in neuronal tissue, but was subsequently also found in mesothelial cells and within the ovaries (8, 15, 16) . In two series examining the expression of calretinin in ovarian SCSTs, McCluggage and Maxwell (9) reported that 36 of 37 tumors were positive, while Cao et al. (10) found that 20 of 36 tumors stained. Neither of these studies, however, included inhibin for a direct comparison.
In the present study, we also found calretinin to be a sensitive marker for SCSTs. Fifty-two of the 53 tumors (98%) were positive for calretinin; a metastatic SLCT was the only negative case. This result was somewhat better than that obtained with inhibin, with an 85% positivity rate. For the AGCTs, JGCTs, SCTATs, SLCTs, and thecomas, the percent- age of tumors expressing calretinin or inhibin and the degree of expression (i.e., 0 to 4ϩ) were comparable. However, calretinin was superior in identifying the fibromas and FTs. Notably, all fibromas were positive for calretinin with 60% in the 3ϩ to 4ϩ range, while inhibin was found in only 70% of these neoplasms, with only 30% in the 3ϩ to 4ϩ range. All of the FTs were positive for calretinin, but just 1 of the 5 was positive for inhibin. The findings were similar in one other recent study that examined calretinin and inhibin in the same group of tumors (11) . In that study calretinin was found to have an overall sensitivity of 97% for the diagnosis of sex cord-stromal and fibrous neoplasms, while the sensitivity of inhibin was only 71%. Like the current study, the greatest difference between the two was found to be in the identification of fibromas and FT. Thirty-three of 34 (97%) fibromas and FT were positive for calretinin, while 14 of the 34 (41%) were positive for inhibin.
The greater sensitivity of calretinin for fibromas and FTs could be useful in cases in which the differential diagnosis includes endometrial stromal sarcoma with a fibroma-like appearance (17) . To further address this issue we studied the fibromas and FTs with CD10, which is known to be expressed in endometrial stromal sarcomas (18) . As all 15 of the fibromas/FTs were entirely negative for CD10, the combination of calretinin and CD10 may be useful in helping to distinguish between these SCSTs and endometrial stromal sarcomas with fibroma-like areas.
Interestingly, neither inhibin nor calretinin stained all of the metastatic SCSTs. One of the 3 metastatic AGCTs was negative for inhibin, and staining was only 1ϩ in 2 of the 3 metastatic SLCTs. The absence of inhibin expression has been noted before in recurrent AGCT (4). One metastatic SLCT was essentially negative for calretinin and staining was 1ϩ for 3 other metastases. However, since calretinin was positive in the inhibin negative metastasis and inhibin staining was present in the calretinin negative tumor, this suggests that the 2 markers could play a complementary role in the diagnosis of metastatic SCSTs.
One caveat about the use of either inhibin or calretinin immunostaining is that both of these markers may occasionally be expressed in tumors that may be included in the differential diagnosis of ovarian SCSTs. For example, inhibin has been reported to be positive in endometrioid adenocarcinoma, clear cell carcinoma, undifferentiated carcinoma, female adnexal tumor of probable Wolffian origin, breast carcinoma, and melanoma (4, 19, 20, 21) , while calretinin positivity has been described in endometrioid adenocarcinoma, carcinoid tumor, female adnexal tumor of probable Wolffian origin, and breast carcinoma (8, 9, 11, 21) . Therefore, in problematic cases, calretinin and inhibin are best used as part of a larger panel of antibodies.
Because one of the most frequent entities to enter into the differential diagnosis of SCSTs is carcinoma, the epithelial markers expressed by these tumors are of interest. Previous studies have shown granulosa cell tumors (33-45%), SLCTs (82-88%), and SCTAT to be positive for keratin (22) (23) (24) (25) . The findings in the present study were similar. Thirtyfive percent of the AGCTs and all of the JGCTs were positive for keratin; two in each category were in the 3ϩ to 4ϩ range. In addition, all of the SLCTs were reactive, as were 2 of the SCTATs; 78% of the SLCTs were in the 3ϩ to 4ϩ range including all 3 of the metastases. Unexpectedly, two fibromas were also positive for keratin, although both were 1ϩ. In contrast, EMA was not detected in any of the SCSTs, except for 1ϩ positivity in a single JGCT. Prior studies have also found SCSTs to be negative for EMA, with the exception of staining in one SLCT (23, 25, 26) . So, although keratin can be found in both carcinomas and SCSTs, EMA may be useful in an immunohistochemical panel to help distinguish between these two entities.
WT1, the Wilms' tumor suppressor gene product, has consistently been found in ovarian surface epithelium and in ovarian serous carcinomas (12) . It has also been found in ovarian granulosa cells, where it may play a role in repressing the activity of the ␣ inhibin promoter and thus arrest follicle development (13, 27) . WT1 mRNA has been found in granulosa cell tumors and SLCTs, but little is known about its immunohistochemical expression in SCSTs. We found WT1 positivity in 74% of the tumors overall, with variation in expression both between groups and within each category; SLCTs had the greatest degree of expression, as all stained in the 3ϩ to 4ϩ range. The variation in WT1 expression did not appear to correlate either with the extent of staining for inhibin or calretinin in each tumor or with differentiation in the SLCTs. Interestingly, occasional tumors showing little to no staining for inhibin and calretinin were diffusely positive for WT1. However, because it appears that calretinin and inhibin are generally more sensitive than WT1 for SCSTs, there may be little diagnostic utility for this marker in these tumors.
Although mesothelioma does not generally enter into the differential diagnosis of ovarian SCSTs, because calretinin and WT1 are found in both (9, 14, 28) , we added CK5/6 to our study panel. Although CK5/6 is consistently present in mesothelioma (14) , it was not found in any of the SCSTs we tested.
In conclusion, by studying calretinin and inhibin together in the same group of tumors, we found that calretinin compares favorably to inhibin as a marker for ovarian SCSTs. Calretinin is at least as sensitive as inhibin in most categories and is nota-
